







































































































































































































































































































































































Storm location

Palmette, Nev.

Campa, Calif.

Ft, Mohave, Ariz.

Mesa  Verde N.P., Colo.
Glohe, Ariz.
Vallecito, Calif.
Chiatovich Flat, Calif.
Morgan, Utah

Santa Rita, Ariz.
Elko, Nev.
Bakersfield, Calif.
Phoenix, Ariz.
Encinitas, Calif.
Wrights, Calif.
Avalon, Calif.

Newton, Calif.

Table 4.2.--Adjustment to most critical local-storm rainfalls

Date

B/11/90%
B/12/91%
8/28/98%
8/03/24
7/29/54
7/18/55
1/1%/55
8/16/58
6/29/59
B/27/70
6/07/72
6722172

10/12/89%

9/12/18

10/21/41

9/18/59

*Storm date prior to 1900.

**Amaynt 15 questionable.
+Based on Phoenix and Grand Junction dewpoints and on estimatdd dewpoint at Durango determined from minimum temperatures.
+H24~hr amount of 8.75 in. (222 wm) reduced to l-hr approximarion by subtracting 24~hr amount at a nearby station.
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241)
(264)
(213)
(103)
(94
(173)
(218)
(171)
(114)
(92)
(79}
(116)
(101)
(89)
(89)
(165)

Storm

dewpoint

°F

70
72

63
70
68
70
67
70
68
64
70
635
62
54

(°c)

(21)
(22)
(22)

{18)+

{21
(2
(21)
(19)
(21)
(20)
(18)
(2L)
{18)
(17}
{12)
(15}

Maximum
dewpoint

°F

74
75
77

<77

78
75
73
75
77
74
68
73
72
69
66
68

#Adjustment for elevation made for stations above 5000 ft (1524 m), no adjustment for those below 5000 ft.

(°c

(23)
(24)
(25)
(25)
{26)
(24)
(23)
(24)
(25)
(23)
(20)
(24)
(22)
{21}
(19)
20

el el ol e R el i S IV
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Col. 3
multiplied
by Col. &
in. {mm)

(294)
(307)
(274)
(188)
(140)
(244)
(254)
(254)
(160)
(125)

(91)
(147)
(142)
(125)
(163)
(256)
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Figure 4.4.--Maximum clock-hour vainfalls at stations with vecords
for period 1940-1972. Underlined values exceed 1.5 inches (38 mm).

The analysis of maximum l-hr rains in figure 4.4 is a step toward the
analysis of the l=hr PMP in figure 4.5, The primary basis for the l-hr PMP
analysis was the maximized rains in table 4.2, with guidance from the analy-
sis In figure 4.4. Controlling maxima are those at Newton, Chiatovich Flat,
Morgan, Ft. Mohave, Avalon, and Campo {(underlined on the figure)}. In addi-
tion, maximum moisture and the effects of terrain on the inflow of moisture
from source region to storm center was taken into account. The assumption is
made that near-maximum moisture necessary to produce a PMP-type event must
enter the Southwest from the warm waters of the Gulf of California and the
subtropical southeastern Pacific. This assumption is supported by studies
of many of the major rainfalls listed in table 4.1. Major terrain barriers
obstruct ot channelize the inflow of moisture. TFigure 4.5 shows a tongue
of maximum PMP exceeding 12.0 inches (305 mm) extending northward along the
Imperial Valley of southern California. . This is part of a broader tongue
that penetrates into much of the lower Colorado River drainage and into the
Great Basin. It envelops both the Chiatovich Flat, Calif. and Morgan, Utah



115

RAINFALL CONVERSION SCALE
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Figure 4.5--Local-storm PMP for 1 mig (2.6 kmz) 1 hr. Directly
applicable for locations between sea level and 5000 ft (1524 m).
Elevation adjuetment must be applied for locations above 5000 ft.

events. In contrast to figure 4.4, figure 4.5 maintains a maximum between
these two locations. There is no known meteoreological basis for a different
solution. The analysis suggests that in the northern portion of the region
maximum PMP occurs between the Sierra Nevada on the west and the Wasatch
range on the east,

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
Sacramento Valley in northern California because the northward-flowing moist
air is increasingly channeled and forced upslope. Support for this PMP cen-
ter comes from the Newton, Kennett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears to be an extension of the broad maximum
through the center of the Southwestern Region, it does not indicate the
direction of moist inflow. The pattern has evolved primarily as a result of
attempts to tie plotted maxima into a reasonable picture while considering
inflow directions, terrain effects, and moisture potential.
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The last mentioned considerations were important in establishing the
gradients through north-central Arizona and the northeastern quadrant of the
region of interest. The Mogollon Rim, a range 5,000 to 7,000 feet (1,524 to
2,134 m) in elevation appears to be a prominent obstacle to the low-level
moist flows coming northward from the Gulf of California. We believe this
barrier is the principle reason why no large local-storm rainfall has been
observed to the northeast, and that a sheltering effect is reasonable for the
PMP analysis. To the south and southwest of the Mogollen Rim, the PMP in-
creases to a maximum, to reflect the available moisture.

4.4 Durational Variation
4.4,1 Duration of Local-Storm PMP

We postulated that the most extreme or PMP-type local storm could last for
6 hours. A large portion of the total storm should occur in the first hour
and almost all within 3 hours. An excepticn lies in the coastal drainage
areas of California where a more continuous inflow of moisture is possible,
particularly when synoptic scale systems are involved. Thus, PMP of up to
6 hours probably comes from a moisture resupply that is more typical of the
general—-storm situation.

4.4.2 Data and Analysis for Durations from 1 to 6 Hours

To obtain local-storm PMP for durations from 1 to 6 hours a number of types
of rainfall data were studied. One source of data was recorder station maxi-
ma (1940-72). Amounts for 1, 6 and 24 consecutive clock~hour amounts were

chosen that met the following conditions.

a. A criterion of minimum clock-hour amounts was established on a region-
al basis as shown in figure 4.6. The criterion recognizes differences in
the magnitude of extremes over the region,

b. The 1-, 6-, and 24~hr consecutive clock-hour amounts at a station must
occur on the same date.

¢. The 24-hr amount could not exceed the 6-hr amount by more than 0.1 inch
(2.5 mm). This helped avoid general type storms.

From data meeting the above criteria, 6/1-hr ratios of rainfall were
determined. Averages of ratios for stations within 2° latitude-longitude
grid units were used to smooth the data. An analysis of the grid averaged
data is shown in figure 4.7.

This analysis needed only slight adjustment to reflect anticipated shelter-—
ing influences of major terrain barriers. Especially noteworthy is the
strong gradient along the eastern slopes of the Sierra Nevada. East of this
gradient the ratios range between 1.10 and 1.40. A zone of minimum ratios
(1.10 to 1.20) is centered in the plateau region of southeastern Utah and
northeastern Arizona. This minimum can be ascribed to the sheltering
effects of the Wasatch range on the west, the Mogollon Rim on the south,
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Figure 4.6.~-Criteria of clock-hour rainfall amounte used for
selection of storms at recorder stations for depth-duration
analysis.

and the Rockies on the east. The apparent minimum in Nevada shown by the
data is questionable since there are no broadscale topographic features
blocking moisture flow. The result may be due to a deficiency of data.

With the exception of the Mojave Desert, the analysis in California shows
considerably higher ratios. The maximum along the coast and into the upper
Central and Sacramento Valleys exceeds 1.80. Farther inland, terrain bar-
rier effects reduce the ratios.

The wide range of 6/1-hr ratios shown in figure 4.7 suggests that the en-~
tire region camnot be represented by a single depth-duration relation. The
problem is similar to the depth-duration problem of general-storm PMP (see
section 2.4) and we used a similar solution: Find a suitable relation to
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Figure 4.7.--Analysis of 6/1-hr ratiocs of averaged maximm station
data (plotted at midpoints of a 2° latitude-longitude grid).

establish the basic depth-duration curve, then structure a variable set of
depth-duration curves to cover the range of 6/1-hr ratios that are needed.

Three sets of data were considered for obtaining a base relation (see
table 4.3 for depth-duraction data).

a. An average of depth-duration relations from each of 17 greatest 3-hr
rains from summer storms (1940-49) in Utah {(U. §. Weather Bureau 1951b)} and
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr
amounts ranged from 1 to 3 inches (25 to 76 mm) in these events.

b. An average depth-duration relation from 14 of the most extreme short-
duration storms listed in Storm Rainfall (U. S. Army, Corps of Engineers
1945- ). These storms come from Eastern and Central States and have 3~hr
amounts of 5 to 22 inches (127 to 559 mm).
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Table 4.3.-—-Depth-duration relations of severe local storms

Duration (hr)
1 2 3 6
Percent of l1-hr wvalue

1. Average of 17 storms
Utah, Nevada, and
Arizona (recorder data) 100 125 133 152

2. Average of 14 most
extreme short-duration
storms in Storm Rain-
fall (U. S. Corps of
Engineers 1945- ) 100 125 135 166

3. March 3, 1945, Los
Angeles storm (U. S.
Corps of Engineers 1958) 100 118 128 (144)

¢. The depth—duration variation from ome of the best documented thunder-—
storm rainfalls of record in the Southwest. This is the 3~hr, 3.3-in.
(84~mm) fall in Los Angeles County, Calif. on March 3, 1943 (U. S. Army,
Corps of Engineers 1958). Even though this rainfall was imbedded in more
general storm rains, March 3-6, 1943, covering parts of several states, the
large amount of reliable data for the event make it useful.

Most of the extreme local storms in the study region (table 4.1) lasted
less than 3 hours and little depth-duration data are available for them., We
would expect that a representative PMP depth-duration curve would have a
lower 6/1-hr ratio than either of the [irst relations listed. We chose to
adopt the relation for the March 3, 1943 storm as guidance for the basic
depth-duration curve for the local-storm PMP. A smocoth extension of this
relation to 6 hours gave a 6-hr value that is 1447 of the l-hr amount. This
relation is quite similar to the local storm depth-duration curve of HMR
No. 43 in which major Southwest storms were considered. For a variable re-
lation, a family of curves (fig. 4.3) was established where the 6-hr values
were incrementally 10% greater than the l-hr amount. A smooth curve was
drawn between the 1-hr (100%) point and the 6-hr (110%) point. The remain-
ing curves were determined by the ratio of the 6-hr value to the difference
between 110% and the basic depth-duration (dashed line fig. 4.3) curve.

4.4.3 Data and Analysis for Less Than 1-Hr Duratiocn

Durational relationships for durations less than 1 hour were obtained from
data at first-order stations in Utah, Arizona, Nevada and southern California
for a period of record between 1954 and 1970. Tables of excessive precipita-
tion at these stations are summarized in the Annual Summary of Climatological
Data (U. S. Weather Bureau 1954- ) for durations of 5 tec 180 minutes, These
data showed that storms with low 3/1-hr rain ratios had higher 15-min to l-hr
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ratios than storms with high 3/1-hr ratios. The geographical distribution
of 15-min to 1-hr ratios also were inversely correlated with magnitudes of
the 6/1-hr ratios of figure 4.7. TFor example, Los Angeles and San Diego
(high 6/1-hr ratios) have low 15-min to l-hr ratios (approximately 0.60)
whereas the 15-min to l-hr ratios in Arizona and Utah (low 6/1-hr ratios)
were generally higher (approximately 0.75),

Depth—duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the
curves to provide smoother relations through the common point at 1 hour.

We believe we were justified in reducing the number of the curves shown in
figure 4.3 for durations less than 1 hour, letting one curve apply to a
range of 6/1-hr ratios. The corresponding curves have been indicated by
letter designators, A-D, on figure 4.3, As an example, for any 6-hr amount
between 115% and 135% of 1-hr, 1-mi? (2.6-km2) PMP, the associated values
for durations less than 1 hour are obtained from the curve designated as "B".

Table 4.4 lists durational variations in percent of 1-hr PMP for selected
6/1-hr rain ratios. These values were interpolated from figure 4.3.

To determine 6-hr PMP for a basin, use figure 4.3 {(or table 4.4) and the
geographical distribution of 6/1-hr ratios given in figure 4.7.

Table 4.4.--Durational variation of 1-mi2 (2.6-km?) local-storm PMP
in percent of l-hr PMP (see figure 4.3)

6/1-hr Duratien (hr)

ratio 1/4 1/2 3/4 1 2 3 4 5 6
1.1 86 93 a7 100 107 109 110 110 110
1.2 74 89 95 100 110 115 118 119 120
1.3 74 89 95 100 114 121 125 128 130
1.4 63 83 93 100 118 126 132 137 140
1.5 63 83 93 100 121 132 140 145 150
1.6 43 70 87 100 124 138 147 154 160
1.8 43 70 87 100 130 149 161 171 180
2.0 43 70 87 100 137 - 161 175 188 200

4.5 Depth-Area Relation

We have thus far developed local-storm PMP for an area of 1 miZ (2.6 kmz).
To apply PMP to a basin, we need to determine how 1-mi? (2.6~km2) PMP should
decrease with increasing area. We have adopted depth-area relations based
on rainfalls in the Southwest and from consideration of a model thunderstorm.
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Figure 4.8 is a plot of available depth-area data for major local storms
listed in table 4.1. The durations given with the 7 storms are longer than
for the point value because of the areal pattern. Most of the data from

which areal patterns were drawn came from bucket surveys and other unofficial
observations.
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Figure 4.8.--Depth-area relations adopted for local-etorm
PMP in the Southwest and other data.

Also shown on figure 4.8 are 1- and 3-hr curves from a model thunderstorm.
The following conditions comprised the model:

a.

A depth-duration relation for 1 m:{.2 (2.6 kmz) based on a 6-hr percent

of 1 hr of 144% (fig. 4.3).

b.
C.

d.

Circular isohyets.
A storm rate of travel of 4 mph (1.8 m/sec).

A rate of change in storm intensity due to storm motion the same

throughout the areal pattern as at a point.



122

Both the data and the model thunderstorm results were used in determining
the adopted depth-area relations for 1 and 3 hours shown on figure 4.8. A
first consideration is that the relation must envelop the data. The adopted
l-hr curve shown in figure 4.8 envelops the 1l-hr rains (Globe, Morgan and
Bakersfield) by roughly 10%. Only data for the two 6-hr rains (Pheenix and
Tehachapi) exceed the 1-hr curve. The adopted 3-hr curve envelops all the
storm data. The model thunderstorm curves are alsc enveloped. In the model
thunderstorm we assume that if the rate of travel were reduced, the model
curves would approach the adopted cutves.

A depth-area curve for the Southwest for 6 hours was estimated from rela-
tions given in HMR No. 43 based on selected storms for the Eastern United
States. Using the curves for 1-, 3-, and 6-hr durations, relations were
interpolated for intermediate durations. Depth-duration curves based on
these relations and for a number of area sizes were used to obtain values
to approximate curves for durations less than 1 hour. The adopted depth-
area relations are shown in figure 4.9, '

4.6 Distribution of PMP Within a Basin

Idealized elliptically shaped isohyets patterned after the few available
storms have been developed for distribution of PMP. The extreme storms at
Globe and Vallecito were examples from which an isohyetal pattern having a
2:1 axial ratioc was adopted for application throughout the ‘Southwest. The
pattern, shown in figure 4.10, is drawn to a 1:500,000 scale. Isohyets are
shown on this idealized pattern labeled A (1 miZ, 2.6 kmZ) to J (500 miZ,
1,295 km?).

Table 4.5 gives isohyets labeled in percent of 1l-hr l-mi® (2.6-km2) PMP for
the 4 highest 15-min incremental PMP values. Incremental labels are given
for each of the four indexed 6/1-hr rat%o categories (see fig. 4.3). These
labels when multiplied by the l1-hr l-mi (2.6-km?) PMP for a specific drain-
age give drainage PMP isohyetal labels for the 4 highest 15-min increments,
Table 4.5 also gives isohyetal labels for l-hr PMP. The resulting isohyetal
values take into account the depth-duration relations of figure 4.9.

For obtaining PMP out to 6 hours duration (remaining five lesser 1-hr in-
crements of PMP), use the isohyetal values given in table 4.6. The 1-hr in-
crements of PMP are listed in successively decreasing order of magnitude.
The percents by which the l-hr 1-mil (2.6-km2) PMP are to be multiplied to
obtain isohyetal values are categorized by the 6/1-hr ratios. Steps outlin-
ing the application of these percents are presented along with an example in
chapter 6.

4,7 Time Distribution of Incremental PMP

We have little information about the time sequence of incremental l-hr
rainfalls for intense local storms. A study of sequences of increments in
each of 38 six-hr storms (U. S. Weather Bureau 1947) resulted in an average
mass curve in which the maximym intensities occurred in the middle of the
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Table 4.5.--Isohyetal labels for the 4 highest 15-min PMP increments and for 1-hr PMP

Isohyet
A B c D E, F G H I J
6/hr Enclosed area miZ2 (km®)
ratio (%) 1 5 25 55 95 150 220 300 385 500

PMP (z.6) (13) (65) (142) (246)  (388)  (570)  (777)  (997)  (1,295)

Increment 9 2

Percent of 1-hr, 1-mi”(2.6-km") PMP

<115 [Highest 15-min. 86 68 44 30 18 10 7 6 5 4
(A) 2nd. 15-min. 7 7. 7 7 7 6 4 3 3 3
3rd. 15-min. 4 4 4 4 4 4 3 2 2 2
| 4th. 15-min. 3 3 3 3 3 3 2 2 2 2
[Highest 15-min. 74 56 32 21 14 8 7 6 5 4
116-135 2nd. 15-min. 15 15 15 12 9 6 4 3 3 3
(B) 3rd. 15-min. 6 6 6 6 5 5 3 2 2 2
| 4th. 15-min. 5 5 5 5 4 4 2 2 2 2
"Highest 15-min. 63 45 27 18 11 7 6 5 4 4
136-155 - 2nd. 15-win, 20 20 15 12 9 6 4 3 3 3
(C) 3rd. 15-min. 10 10 9 8 7 5 3 3 3 3
[ 4th. 15-min. 77 7 6 5 5 3 2 2 2
MHighest 15-min. 43 31 19 14 9 7 5 4 4 4
>156 2nd. 15-min. 27 23 16 12 8 6 4 3 3 3
(D) 3rd. 15-min. 17 16 13 10 8 5 A 3 3 2
| 4th. 15-min. 13 12 10 8 7 5 3 3 2 2
1-hr.PMP 100 82 58 44 32 23 16 13 12 11

T
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gtorm periocd., The sequence of hourly incremental PMP for the Southwest é-hr
thunderstorm in accord with this study is presented in columm 2 of table
4.7. A small variation from this sequence is given in Engineering Manual
1110-2-1411 (U. S. Army, Corps of Engineers 1965). The latter, listed in
column 3 of table 4.7, places greater incremental amounts somewhat more
toward the end of the 6-hr storm period. In application, the choice of
elther of these distributions is left to the user since one may prove to

be more critical in a specific case than the other.

Table 4.7.—~Time sequence for hourly incremental PMP in 6-hr storm

HMR No. 5T EM1110-2-14112
Increment Sequence Position

Largest hourly amount Third Fourth

2nd largest Fourth Third

3rd largest Second Fifth

4th largest Fifth Second

5th largest First Last

least Last First

lU. S. Weather Bureau 1947.
2y, S. Corps of Engineers 1952.
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Also of importance is the sequence of the four 15-min incremental PMP
values. We recommend a time distribution, table 4.8, giving the greatest
intensity in the first 15-min interval (U.S. Weather Bureau 1947). This
is based on data from a broad geographical region. Additional support for
this time distribution is found in the reports of specific storms by Keppell
(1963) and Osborn and Renard (1969).

Table 4.8,-~Time sequence for 15-min incremental PMP within 1 hr.

Increment Sequence Position
Largest 15-min amount First
2nd largest Second
3rd largest Third
least Last

4.8 Seasonal Distribution

The time of the year when local-gtorm PMP is most likely is of interest.
Guidance was obtalined from analysis of the distribution of maximum 1-hr
thunderstorm events through the warm season at the recording stations in
Utah, Arizona, and in southern Califormia (south of 37°N and east of the
Sierra Nevada ridgeline). The period of record used was for 1940-72 with an
average record length for the stations consldered of 27 years. The month
with the one greatest thunderstorm rainfall for the périod of record at each
station was noted. The totals of these events for each month, by States,
are shown in table 4.9.

Table 4.9.——Seasonal distribution of thunderstorm rainfalls.

(The maximum event at each of 108 stations, period of record 1940-72.)

Month
M J J A 8 0 No. of Cases
Utah 1 5 9 14 5 34
Arizona 4 16 19 4 43
S. Calif.* 14 1C 7 31
No. of cases/mo. 1 23 35 40 9 0

#South of 37°N and east of Sierra Nevada ridgeline.
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This distribution, by months, agrees well with the month of occurrence of
the extreme thunderstorm rainfalls for the Southwest listed in table 4.1.
July and August have the greatest frequency of extreme rains in both sets of
data.

For the coastal drainages of California, most thunderstorms are associated
with general-storm rainfalls (see discussion in the companion volume,
Schwarz and Hansen 1978), The occurrence of these cool-season mid-latitude
and tropical storm systems is apparently limited to the spring and fall
months. Figure 4.11 presents the regional variation of the months of
greatest potential for a I-hr thunderstorm event approaching the magnitude
of PMP.

Pigure 4.11.--Regional variation of month of maximum local-
storm rainfall. (boundaries are not precise}
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5. CHECKS ON THE GENERAL LEVEL OF PMP
5.1 Introduction

All probable maximum precipitation estimates involve some degree of uncer-
tainty. Decisions leading to a level that provides safety, while not intro-
ducing unrealistically large estimates of precipitation amounts, requires
experience and meteorological judgment. Guidance for such decisions includes
evaluating maximum observed precipitation depths, and meteorological studies
of storm characteristics such as moisture sources and storm mechanism. PMP
must exceed the envelop of maximum observed values., For most regions, nature
has not yet given us the biggest storm; rainfalls occasionally exceed the
previous maximum from over 50 years of record by factors of 2 or 3.

In this chapter PMP estimates are compared with known maximum precipitation
amounts in the Southwest States., We also show comparisons of the general
level of PMP in this study with values in an earlier study and with PMP.
estimates in adjoining regions. In chapters 2 and 3 we pointed out how con-
vergence and orographic PMP index maps compare with similar maps in HMR Nes,
43 and 36 for adjoining regions to the north and west, respectively. These
discussions will not be repeated here, Rather, the general level of total
PMP will be compared. Comparisons are also made with 100-yr rainfall and with
some statistically estimated PMP values, Finally, we evaluate the rain poten-
tial from a hypothetical tropical cyclone, cne that has the most extreme
characteristics for producing rainfall for the Southwest States that such a
storm might have.

5.2 Comparisons with Greatest Known General-Storm Areal Rainfalls

From a catalog of greatest known areal rainfall depths (Shipe and Riedel
1976) the greatest depths for various portions of the study region were
extracted for the winter, spring, summer and fall seasons, Four standard
areas: 100, 500, 1,000 and 5,000 mi2 (259, 1,295, 2,590 and 12,950 km?) for
6, 12, 18, 24, 48, and 72 hours were considered.

Table 5,1 lists the storm date, latitude and longitude of rainfall center,
general location by section of the State, and the ratio of observed to gen-
eral-storm PMP for the month of the storm for the selected area slzes. Of
these comparisons, the September 1970 rainfall center in southwestern
Colorado and southeagstern Utah stands out with a high ratio of observed to
PMP of 0.88 for 6 hours over 100 miZ (259 km2). [The local~storm PMP
{chapter 4) at this location exceeds the general-storm values, for this size
area and duration, giving a ratio of observed to PMP of 0.69.] The more
intense rainfall center of the September 1970 storm in central Arizona (where
the ratios of observed to PMP are smaller than at the northern center) is not
as rare an event, Comparisons with mean annual precipitation and other rain-
fall indices also lead to this conclusion,

Examination of the variation of the ratios of observed to PMP with duration
shows the ratios decrease with increasing duration, This trend is considered
reasonable in that nature has given us a larger number of extreme short-
duration storms than longer ones over any given basin., There are rare



Table 5.1.--Comparison of storm areal rainfall depths with general-storm PMP for the month of the storm

Latitude-longitude General 2Area ) Duration (hrs)
Date (of center) location mi“ (km“) 6 12 18 24 48 72
obs/PMP
11/25-28/05 34°13° 112°45" Central Ariz. 100 (259) .54 .38 .35 .33 .27

500 (1295) .60 .40 .38 .36 .31
1000 (2590) .60 .40 .38 .37 .34

2/1-5/07 _ 41°45" 115°25' NE Nev. 100 (259) .60 .68 .52 .59 .50 .51
500 (1295) .62 .67 .50 .56 .48 .49
1000 (2590) .61 .68 .64 .63 .54 .55

12/14-17/08 37°30" 108°30" SW Colo. 100 (259) .38 .53 .50 .53 .50 .52
500 (1295) .50 .52 .53 .53 .51 .53
1000 (25%0) .50 .51 .50 .50 .47 .50
5000 (12950) .60 .58 .60 .55 .53 .55

12/14-17/08 34°22° 111°25°' Central Ariz. 5000 (12950) .35 .44 .35 .35 .38 .36

8/28-9/2/09 40°00° 111°00" N Utah 100 (25%9) .34 .42 .34 .47 .39 .37
500 (1295) .32 .3% .31 .42 .34 .32

1000 (2590) .33 .39 .31 .40 .32 .31

5000 (12950) .31 .34 .26 .34 .27 .26

10/4~-6/11 37°49' 107°40" SW Colo. 100 (259) .53 .64 .65 .60 .46
500 (1295) .36 .45 .47 .43 .33

1000 (2590) .39 .47 .52 .49 .38

5000 (12950) .40 .41 .48 ,47 .37

4/5-10/26 34°51°" 112°00' Central Ariz. 100 (259) .52 .41 .41 .37 .30
500 (1295) .51 .43 .44 .41 .32

1000 (2590) .51 .45 .47 .42 .33

5000 (12950) .39 .36 .37 .35 .27

2/11-17/27 34°19'  111°27° Central Ariz, 100 (259) .40 .39 .36 .38 .45 .48
500 (1295) .43 .39 .38 .39 .47 .52

1000 (2590) .40 .34 .35 .36 .44 .42

5000 (12950) .34 .28 .28 .29 .37 .43

0cT



Table 5.1~-Comparison of storm areal rainfall depths with general-storm PMP for the month of the storm—
Continued

Latitude~longitude General Area Duration (hrs)
Date (of center) location miZ (km2) 6 12 18 24 48 72
obs /PMP
10/11-14/28 40°36! 110°24" N Utah 100 (259) .43 .50 .57 .48 .34 .36
500 (1295) .37 .44 .49 .42 .30 .33
11/12-17/30 41°45"! 115°25" NE Nev. 100 (259) .55 .63 .49 .60 .55 .52

500 (1295) .50 .58 .45 .55 .51 .48
1000 (2590) .48 .51 .40 .51 .47 .44

2/1-3/36 40°36"' 111°42° N Utah 100 (259) .37 .22 .17 .28
500 (1295) .35 .20 .16 .26
2/27-3/4/38 34°57'  111°44°' Central Ariz, 100 (259) .49 .57 .50 .43 .31 .32

500 (1295) .58 .66 .60 .52 .38 .38
1000 (2590) .63 .70 .64 .55 .39 .41
5000 (12950) .56 .60 .46 .40 .28 .35

2/27-3/4/38 37°30' 112°30°' S Utah 1006 (259 .55 .38 .40 .50 .37 .38
500 (1295) .62 .41 .42 .46 .34 .37
1000 (25%0) .77 .43 .43 .47 .35 .36

5/4-9/43 40°21°' 106°55" N Colo. 100 (259) .20 .17 .15 .17 .12 .14
500 (1295) .22 .18 .15 .16 .13 .15
1000 (25%0) .25 .18 .15 .16 .13 .16
5000 (12950) .23 .17 .15 .15 .13 .16

5/31-6/6/43 40°36"  111°36" N Utah 100 (259) .27 .25 .30 .27 .24 .23
500 (1295) .28 .27 .30 .27 .25 .23
1000 (2590) .27 .28 .32 .28 .26 .24
5000 (12950) .28 .30 .34 .32 .28 .25

10/27-29/46 37°30' 114°00" S5W Utah 100 (259) .63 .44 .37 .80 .61 .55
500 (1295) .52 .35 .29 .66 .49 .44

1000 (2590) .43 .28 .23 .51 .38 .33

5000 (12950) .35 21 .17 .42 .30 .26

€T



Table 5.1—~Compariscon of storm areal rainfall depths with general-storm PMP for the month of the storm--
Continued '

Latitude-Longitude General Area Duration (hrs)
Date {of center) location mi? (km2) 6 12 18 24 48 72
: obs/PMP
8/25-30/51 34°07'  112°21' Central Ariz. 100  (259) .35 .41 .41 .41 .55 .56

500 (1295) .40 .47 .43 .46 .58 .59
1000 (2590) .45 .48 .46 .48 .58 .59
5000 (12950) .30 .34 .38 .40 .44 .47

9/3-5/70 37°38'  109°04! SW Colo. 100 (259) .88 .81 .71 .63 .53
SE Utah 500 (1295) .80 .73 .64 .58 .49

1000 (2590) .81 .74 .64 .59 .52

5000 (12950) .49 .46 .47 .46 .39

9/3-5/70 33°49'  110°56' Central Ariz, 100 (259) .63 .58 .56 .54 .43
© 500 (1295) .54 .47 .45 .45 .36

1000 (2590) .50 .48 .48 .47 .38

5000 (12950) .52 .50 .51 .47 .37

el
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occasions when rains repeat or 1 " T w T T
are continuous over a basin for i caane

a 3-day period. Continuation of

an extreme inflow of moisture

for lomnger durations is less likely,
but yet a possibility. The August ek
1951 storm is an example of an i
event where a high level of moisture
inflow and a continuation of the v
mechanism for causing rain produced
an extreme rainfall event of 3-day
duration. 300

Figures 5.1 and 5.2 show scatter
diagrams for two sets of data
taken from table 5,1. The com-

Ll ol

Pur
-

parison between maximum observed 200

100-mi? (259-kmZ) 24~hr storm o
amounts and corresponding PMP “ tdentifed Storms .
estimates is shown in figure 5.1. T T e
Storms whose observed amounts 4 01 4w 1901 3w COLO.
come within 50% of PMP are iden- oo & 5 36 1970 o cor arz. |
tified. Note that for 24 hours e i 93 s ot
duration, a southwest Utah storm

in October 1946 more closely 2 "

approaches PMP than any other
storm. Figure 5.2 shows the com-

parison of known greatest rain- ° } : o ¥ = 16 i
fall amounts to PMP for 5,000 mi2 chiesED Rt

(12,950 km?). Only one storm

comes within 50% of PMP. The

validity of the trend toward

lower ratios with larger areas Pigure 5.1.--Comparison between observed
is supported by the fact that rainfall dgpths and general-storm PMP
fewer large—area storm depths for 100 mi® (259 km2) 24 hr.

have been recorded than small-
area storm depths.

5.3 Comparisons with Greatest Known Local-Storm Rainfalls

Local=storm PMP estimates were determined for the location of the 39 major
local storms given in table 4.1, This does not include the four long-duration
California storms. A scatter diagram of maximum observed total~storm amount
vs, the PMP estimate for that duration is shown in figure 5.3.

Envelopment of local-storm data by PMP is less than that for general-storm
data., The Campo and Chiatovich Flat, California rains come within 15% of
the local-storm PMP estimates. Because of the doubt that has been given to
the Palmetto, Nev. observation (U.S. Weather Bureau 1960), a question mark
has been placed at this point in figure 5.3.
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5.4 Comparisons with Estimates from a Previous Study

Technical Paper No, 38 (U.S. Weather Bureau 1960) gives all-season PMP
estimates for the Western States for durations to 24 hours and areas up to
400 m12 (1,035 km? ). For the Southwest the 24-hr PMP of Technical Paper
No. 38 is largely controlled by extreme summer thunderstorms. PMP from the
present study for both the local storm and the general storm were computed
for 10 mi2 (26 km?) on a 1° latitude-longitude grid (fig. 5.4). The upper
value at each point is the general-storm 24-~hr PMP., The 6~hr local-storm PMP
exceeds the 24-hr general-storm value at many points. No attempt was made to
draw an analysis of the data because of important topographic effects between
the grid points,

Figure 5.5 compares the grid point amounts from Technical Paper No. 38 with
the larger of the amounts shown for each point in figure 5.4. Although
figure 5.5 shows considerable scatter there is general agreement that high
estimates in the earlier study are also high in the present study. The cluster
of points having PMP less than 16 inches (406 mm) in the 1960 study are in
general from the less-orographic locations, whereas the more widely scattered
values greater than this amount come from mountainous locations.

For 10 mi2 (26 ka) 24 hours, it is apparent from figure 5.5 that PMP from
this study generally is less than the PMP estimated in 1960, and that there
is a greater reduction for high PMP values (mountainous points) than for Jow
values (less—orographic points), The level of PMP is partially a function
of the amount of detall and data included in each study. The 1960 study
covered a large region, while the present study considered more detail over
an area about one-third as large., More conservative (higher) PMP estimates
tend to result from broadscale analyses. Interpretation of figure 5.5 should
not be applied to other durations, area sizes, or regionms covered by Techmnical
Paper No. 38.

5.5 Comparisons with 100-yr Return Period Rainfails

Comparison was also made between PMP estimates and published 100-yr 24<hr
rainfall values in the Western United States (Miller et al. 1973). In the
frequency studies an effort was made to utilize all available data, but many
gaps remained. Multiple regression screening techniques were used to inter~
polate between data points. These techniques placed greater emphasis on
meteorological factors and topography than previous frequency studies for
this region.

The frequency data are heavily weighted by thunderstorm rains; therefore,
the greater of the local 6~hr PMP and general-storm PMP for 24 hours over
10-mi2 (26 km2) was compared to 100~yr 24~hr rainfall, Figure 5.6 shows a
plot of 100-yr values vs, PMP for points on a 1° latitude-longitude grid
covering the Southwest States, Most of the 100-yr amounts appear to be
about 20 to 35% of the PMP, The results shown in figure 5,6 are not neces-
sarily the same as would be found with other area sizes, durations or regions.
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Pigure 5.6.--Comparison be-
tween 100-yr rainfall
(Miller et al. 1973) and
PMP. PMP values are the
larger of general- or
local-storm amowunts for
10 mi2 (26 km?) 24 hr at
1° grid points.

5.6 Mapped Ratios of 100-yr to PMP Values Over the Western States

Mapped ratios of 100-yr 24-hr rainfall to 24-hr PMP over a 1% latitude-
longitude grid for most cof the Western States and a portion of the Central
States are shown in figure 5.7. For the Western States, PMP values came from
this study, HMR Nos. 36 and 43, The Central States values are from HMR No. 51
(Schreiner and Riedel 1978). In figure 5.7, the larger of the local-storm
and general-storm PMP estimates was used in the Western States.

Frequency data came from NOAA Atlas 2 (Miller et al. 1973), Although the
volumes of this Atlas cover each of the Western States, they alsc include
the eastern portions of those states along the Continental Divide. The eastern
portions of Wyoming, Colorado and New Mexico enabled us to make a comparison
of 100-yr 24-hr rainfall to PMP at a few points east of the Divide as shown
in figure 5.7, Therefore, the comparisons for the Central States shown in
figure 5,7 have been limited to these state boundaries.

Points where the 6-hr local-storm-PMP controls for 24 hours have been under-
lined in figure 5.7. Dominance of the local-storm PMP, through much of the
Southwest extending into eastern Oregon and Washington and southern Idaho, is
apparent. Essentially, the local-storm PMP controls in the less-—orographic
portions of the Western United States while the general storm prevails over
the more mountainous regions for this area size.
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The range of ratios shown in figure 5.7, 0.28 to 0.71 in the Pacific drain-
age of California, 0.17 to 0.59 in the Northwest, 0.18 to 0.56 in the South-
west, shows apparent consistency between the Northwestern and Southwestern
Regions. East of the 105th meridian, the ratios range between 0.12 and 0.23.
The trend in ratios that appears in going from the west coast to east of
105°W is what one might expect. There is a tendency for the ratios to de~
crease eastward from the Pacific coast and then increase again on windward
slopes. This tendency is consistent with the results for similar ratios in
HMR Nos. 36 and 43.

The ratios shown on figure 5.7 should not be used for basin PMP estimates.
Variation in terrain features between 1° grid points could give a consider-
ably different basin average PMP; i.e., because of topographic variations,
the ratios are not necessarily representative of the area surrounding the
grid point.

5.7 An Alternate Approach to PMP

An additional study was made of the variation in ratios of 100-yr rainfall

to PMP estimates for the region most similar to the Southwest States that
also had detailed estimates of both the precipitation criteria. This region
is the Columbia River drainage east of the Cascade Divide. A conclusion of
the study was that the 100-yr to PMP ratio should vary with the raininess of
the location, and that a 90% envelope of a grid of ratios for the Northwest
varies from 0.25 for a location with a MAP of 10 inches (254 mm) (dry region)
to a ratio of 0.50 for a location with a MAP of 70 inches (1,780 mm) (wet
region). ' ' '

The curvilinear relation between 100-yr/PMP ratios and MAP (not shown) from
the Columbia River drainage east of the Cascade Divide was used to estimate
PMP for the Southwestern States over a 1° latitude-longitude gridl. Figure
5.8 gives the ratios of PMP by this alternate approach (100-yr/PMP vs. MAP)
to the general-storm PMP of this study. It is important to point out that
PMP estimates obtained by the ratio of 100-yr to PMP is not a recommended
method for determining PMP. 1In any case, such a method includes transposi-
tion of an index relation without modification. GConsiderations such as the
strength of the inflow wind and moisture potential would have an effect on
the ratio of PMP to a lesser storm, such as the 100-yr precipitation, and
the relation of the ratio to MAP,

The ratios can, however, be used as a check on the general level of the
PMP estimates assuming we know the general level of PMP to the north, we
have confidence in the 100-yr precipitation estimates, and accept the trans-~
position of the index relation. Figure 5.8 indicates that the PMP estimates
based on the transposed 100-yr/PMP relation vary from a low of 67% of the
estimates in this study to a high of 223%. However, more than 60% of the
values are within 25% of this report's PMP values. We believe this varia-
tion is acceptable, taking into account use of a transposed relation and
unknowns in the generalized charts of mean annual precipitation and frequen-—
cy values as well as in PMP.

lcharts used were for MAP and NAP referenced in section 3.1.3, and those for
Nevada (Hardman 1965) and southern California (Rantz 1969).
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5.8 Statistical Estimates of PMP
5.8.1 'Background

A general formula for hydrologic frequency analysis (Chow 1951) demonstrated
that the difference between various theoretical dlstrlbutions is the value of
K in the following formula:

Xp = X + KSn | (5.1}
where X, is the rainfall for return—périod T, x is the mean of ‘a series of
annual maximum station precipitation, n is the sample size, and S, 1s the
gstandard deviation. Hershfield (1961) substituted the maximum observed rain-
fall (x )} for x., K is then the number of standard deviatioms to add to
%ﬂ{ T " 11

X to obfain x, ..  Using selected "world-wide" data, Hershfield orlginally
adopted 15 as maximum K'value for a statistical estimate of PMP.

Hershfield (1965) introduced a variable K~factor (K ) related not only to
the mean of the annual maximum rainfall but also to the duration. This
modified relation in which K varies with rainfall magnitude was used in a
statistical approach to PMP for the Southwestern States, The modified formula
is:

X =x+KS (5.2)
m - mn



5.8.2 Computations

Computations of statistical PMP were made from data used in the rainfall-
frequency analyses for the Western States (Miller et al. 1973). These data
consisted of station values of mean and standard deviation of the annual
maximum 24-hr rains. The variation of K as a function of the mean of the
annual maximum 24-hr rains was taken from Hershfield's study (1965). The
values of K necessary to cover the Southwestern States were mostly between
14 and 19. Arid regions have higher wvalues of K than the worldwide average
of 15, Given the K factors, one need only use the mean (X) and standard
deviation (Sn) from the series of annual maxima to solve equation 5.2.

5.8.3 Discussion

The highest PyP from the larger of general- and local-storm estimates for
24 hr and 10 mi® (26 km?) were compared to statistical PMP computed from
equation 5.2 at 98 stations in the Southwestern Region with rainfall records
for 50 years or longer. Comparison of the two sets of values is shown in
figure 5.9, Considerable scatter is apparent with the statistical PMP being
less than the PMP from this report for all but two stations., The same re-
sults have been found for comparisons in other regions (World Meteorological
Organization 1973).

24 -
=800
23+ -

204 . 1

19+

"
aw
‘G
\\QQ?
]

: 5.9.--Comparison be-
2 400 - tween statistical

DMP (Hershfield
144 / . 1985) and the
. . i highest PMP for
oL 10 mié (26 km2)
137400 .t . 24 hr at stations

) . . with records ex-
1 / et J ceeding 50 years.

PMP (STATISTICAL METHODI

q;
} é ' 1h 2 " s " P 12

K
5

PMP (this study

141



142

Hershfield (1961, 1965) recommended some adjustments to the data. The
first was an adjustment of X and Sn for a rare event, called an outlier.
The ratio of the mean of the series excluding the outlier to that with the
outlier could result in a downward adjustment to the mean by as much as 20%.
Similarly, the ratic of S. excluding the outlier to that with the outlier
could bring about an adjugtment to Sn of more than 50% depending on the re-
cord length.

A second adjustment normalizes dally data to 24-hr data. This factor can
vary between 1.00 and 1.13 depending on the number of fixed time intervals
considered in obtaining the maxima., Neither of these two adjustments was
applied to the data in figure 5.9.

Another adjustment makes allowances for lengths of record less than 50
years, Adjustments up to 5% for the mean and up to 30% for §_ occur for
records of only 10 years. In the present study only stations having records
for 50 years or more were considered, so this adjustment was unnecessary. .

Inclusion of the adjustments mentioned by Hershfield probably would have
changed some of the points plotted in figure 5.9, but it is doubtful that
they would have had much effect on the broad-scale scatter.

It is possible that the scatter would be reduced somewhat if the K factors
had been averaged regionally prior to use in equation 5.2. Hershfield sug-
gested regional averaging to eliminate some of the variability caused by
local topographic features. However, the stations with records for 50 years
or more were so widely separated that regional averaging would have been
difficult and probably meaningless.

Direct application of eauation 5.2 to obtain point PMP estimates, (consi-
dered equivalent to 10-mi (26-km2) values), is not recommended. There is no
completely objective method for determining K. Different investigators have
suggested different values for the same or similar regions. Some statistical
PMP estimates have been exceeded by record storm amounts from supplementary
rainfall surveys. Our use of equation 5.2 in this study, as in others, is
solely to provide another comparison of the overall level of PMP. Other
attempts to apply the statistical approach, and the problems encountered, are

given by Lockwood (1967) for studies in Malaya and Dhar et al.(1975) in India.

5.9 Hypothesized Severe Tropical Cyclone

Some of the most intense general rainfalls for the Southwest States have
resulted from tropical cyclones. The September 1970 event is the outstanding
example. Pyke (1975) has speculated on the possibility of much more intense
rains from such a storm assuming several optimum conditiomns. It would be a
good check on our PMP to consider rains from such a storm. Evaluation of a
storm of this intensity however, would require considerable speculation; e.g.,
on the extent that a hurricane circulation could be maintained into the study
region and on the upwind terrain effects depleting the moisture (fueling) for
the storm, :
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We have taken a somewhat different approach. This was to start with PMP
based on the greatest known rainfall from a tropical cyclone in the United
States and make adjustments in transposing it to our study region. We then
compare results with our PMP. Considerable meteorological discussion is given

in the companion volume (Schwarz and Hansen 1978) concerning the hypothetical
storm. This is not repeated here.

5.9.1 Transposition and Adjustment of PMP Based on the Yankeetown, Fla. Storm
of September 5-6, 1950

The most intense rainfall of record for the United States from a tropical
cyclone is the Yankeetown, Fla., event of September 5-6 1950 (Gentry 1951).
This storm gave 38.7 inches (983 mm) of rain in 24 hours. The 10-miZ (26—
kmZ) estimate for the Gulf of Mexico coast, based on this storm, is 47.1
inches (1196 mm) (Schreiner and Riedel 1978). We adjusted this PMP value
for occurrence in our study region. As a starting place, we chose a point
off the Baja California coast (28°N, 115°W) as a location for optimum rain.
This location would not include depletion (or intemsification) for terrain
and would allow a large sea surface for fueling the storm.

Sea surface temperature represents a measure of moisture potential for
fueling tropical cyclones. Sea surface temperatures that are exceeded 5% of
the time in the warmest month (National Oceanic Atmosphereic Administration
1973}, were considered a fairly stable index. A value of 87°F (31°C) is
obtained for the moisture source of the Yankeetown storm, compared to 74°F
(23°C) near 28°N off Baja California. The ratio of precipitable water for a
saturated atmosphere associated with a 1000-mwb (100-kPa) temperature of 74°F
(23°C) to one of 87°F (31°C) is 0.45. Adjusting the sea surface temperatures
downward by 5°F (3°C) at both locations, thereby giving realistic 12-hr per-
gsisting 1000-mb (100-kPa) dew points, results in approximately the same re-
duction for differences in moisture potential.

This gives us an adjusted 24~hr wvalue of 25.9 inches (658 mm) at 28°N,
115°W. We then applied a distance—-from-coast adjustment (Schwarz 1965, 1973,
and Schreiner and Riedel 1978) in order to obtain values within the study
region. This adjustment is based on the decrease inland in nonorographic
tropical storm rainfalls of record along the gulf and east coasts of the
United States. Table 5.2 shows the percentage reduction with distance in-
land and the reduced values. These reduced values are also shown on the left
side of the hypothesized track in figure 5.10. ¥or comparison, this report's
1000-mb (100-kPa} convergence PMP values are shown plotted to the right of
the track in the figure. The distance-from-coast reduced values are higher
than the convergence PMP estimates from chapter 2 at every point along the
track. The greatest differences are near the southern border of Arizona close
to the Gulf of California. At 700 n.mi. (1296 km), there is almost no
difference.

There are at least three factors not accounted for that would tend to re-
duce these hypothesized tropical-storm rain values. These are:

a. Depletion of rainfall upwind of any location, including the starting
point by mountain barriers in the Baja California peninsula.
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Tropical storm non-orographic PMP, in.(mm),
“distance-from-coast” reduced

110°
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coast —am {km)

DISTANCE SCALE

g i
\ ?0 N 2(')0 3(])0 M.
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Figure 5.10--Distance-from-coast reduced tropical storm nonorographic

EMP compared with 1000-mb (100-kPa) convergence PMP for August,
10 mi? (26 km2) 24 hr.



Table 5-2.--Adjustment of tropical storm PMP for distance-from—coast

Pistance from coast
n. mi.

0
100
200
300
400
500
600
700

(km)

0
185
370
556
741
926

1111
1296

Percent of
Coastal Value

100
96
83
63
54
52
52
52

Adjusted rain

in.

25.9
24.6
21.5
16.4
14.0
13.5
13.5
13.5

(mm)

(658)
(625)
(546)
(417)
(356)
(343)
(343)
(343)
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b. Dampening effects of mountains on tropical cyclone circulation, assum-

ing that maximum rainfall is produced by organized storms.

c. Effects of changing the speed of forward motion of the hypothetical
tropical cyclone. (The Yankeetown storm was a slow-moving and looping storm
that concentrated the rainfall.

off the Baja California coast.)

Such storm movement has not been duplicated

However, there is at least cone factor that might ceontribute to even higher

results than computed here.

the 5% level postulated.

This is higher sea-surface temperatures than

The authors believe that the combined effects of the three reducing factors

outweigh the effect of higher sea surface temperatures.
tense tropical cyclone moving northward over the Gulf of California, though
"taking advantage of the higher sea surface temperatures, would suffer con-

siderably from the effects of the terrain and mountains on the circulation.

The authors further believe that the rainfall extremes determined from
the generalized PMP study adequately allow for rain from a hypothesized
severe tropical cyclone event in the Southwestern States.

A variety of checks have been presented in this chapter on the general
We conclude that the results show that the PMP and its sea-
sonal, geographical, areal, and durational variations are appropriate and

level of PMP.

consistent.

5.10 Conclusion on PMP Checks

A hypothetical in-
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6. PROCEDURES FQR COMPUTING PMP
6.1 Introduction

For estimating general-storm PMP for a specific drainage the maps, charts,
and tables required are in chapters 2 and 3. A stepwise procedure for using
these materials is given here with a computation form, table 6.1, This is
followed by an example of the computations for a selected drainage (table
6.2},

The stepwise procedure and computation form are set up to give general~
storm PMP for a given month. If the highest wvalue over all months (called
the "all-season" PMP) is needed, it may be necessary to compute PMP for
several months and to then select the highest value.

The local-storm PMP for small drainages described in chapter 4 should be
compared with general-storm PMP for any drainage and the most critical values
selected, Depending on hydrologic characteristics of a particular drainage,
its location, size, and the problem at hand, a 500-miZ (1,295—km2) local
storm, well placed on a drainage larger than 500 miz, may be the more critical
of the two storm types. A step—wise procedure is given (sec. 6.3) for com-
puting local-storm PMP. Part A gives the drainage average PMP while part B
gives the areal distribution of PMP over the drainage. A computation form
is provided in table 6.3, for computing these estimates, Table 6.4 is an
example of these computations.

Local-storm PMP also covers the Pacific drainage of California. General-
storm PMP for this region is given in HMR No. 36, with revisions (U.S. Weather
Bureau 1969).

The procedures have been developed to give PMP in tenths of inches. Al-
though in some instances it may be possible to discriminate values from
figures and tables tc hundredths of an inch or fractions of a percent, PMP
estimates should be rounded to the nearest tenth of an inch,

6.2 Steps for Computing General-Storm PMP for a Drainage
A, Convergence PMP. The steps correspond to those in table 6.1.

1. Obtain drainage average 1000-mb (100~kPa) 24=hr 10—mi2 (26—km2) con-—
vergence PMP for month of interest from ome of figures 2.5 to 2.16.

2. Obtain the 1000-mb (100-kPa) 24~hr 10-mi2 (26-km?) convergence PMP
reduction factor for effective barrier and elevation in percent from figure
2.18.

3. _Step 1 value times step 2 value gives barrier-elevation reduced 24-hr
10-mi¢ (26-km*) convergence PMP average for the drainage.
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4, Determine drainage 6/24-hr ratio for month of interest from figures
2.25 and 2.27. Enter table 2.7 with this ratio to obtain 6-, 12—, 18-, 24-,
48-, and 72-hr values in % of the 24-hr value.

3. Step 3 value times percents from step 4 provides convergence PMP for
durations of step 4 for 10 miZ (26 kmz).

6. Incremental 10—mi2 (26-km2) convergence PMP is cobtained by successive
gsubtraction of values in step 5,

7. Areal reduction in percent for drainage area is obtained from figure
2.28 or 2,29 for the month of interest.

8. Values from step 6 times corresponding percents from step 7 are . the
areally reduced incremental convergence PMP in inches (mm).

9. Accumulation of incremental values from step 8 gives drainage average
convergence component PMP for 6, 12, 18, 24, 48 and 72 hours.

B. Orographic PMP

1. Drainage average orographic PMP index for 24 hours 10 mi2 (26 kmz)
is read from one of figures 3.1la to d (foldout pages).

2, Areal reduction factor in percent for drainage slze is read from
figure 3.20.

3. To get seasonal adjustment, locate drainage on map for month of
interest, figures 3,12 to 3.17, and read average percent for the drainage,

4, Areally and seasoﬁally adjusted 24-hr orographic PMP in inches (mm) is
obtained by multiplying values from step 1 by percents from steps 2 and 3.

5. Durational variation of orbgraphic PMP in percent of the 24~hr value
for 6, 12, 18, 24, 48, and 72 hours is read from table 3.9, which is entered
with the latitude of the dralnage (to the nearest 1°),

6. Orographic PMP in inches (mm) for listed durations results from
multiplication of values in step 4 by corresponding values in step 3,

C. Total PMP

1. Add corresponding convergence and orographic PMP values in steps A9
and Bb6.

2. If PMP values are required for intermediate durations, plot a smooth
curve and Interpolate.

3. Compare with the local-storm PMP,
Table 6.2 shows an exémple of the computation of general-storm PMP for the

month of October for the Humboldt River drainage above Devil's Gate damsite
in Nevada. The table is self-explanatory.
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6.3 Steps for Computing Local-Storm PMP

A. Drainage Average Depth Local-Storm PMP. Steps correspond to those in
table 6.3A,

Use steps of section 6.3B if areal distribution within drainage is required.

Step

1. Locate dralnage on flgure 4.5 and read interpolated average PMP value
for 1 hour 1 miZ (2.6 km?) in inches (mm).

2. If the lowest elevation within the drainage is above 5,000 feet
(1,524 m), decrease the PMP value from step 1 by 5% for each 1,000 feet
(305 m) or proportionate fraction thereof above 5, 000 feet (1 524 m). This
gives elevation adjusted drainage average l-hr Lqml (2 .6-km? } PMP,

3. Use figure 4.7 to find the 6/1-hr ratio for the drainage location.

4, Enter table 4,4 with the ratic from step 3 to obtain percentage dur-
ational variation.

5. Multiply each of the percentages of step 4 by the l-hr PMP from step 2
to obtain PMP for 1/4 hr to 6 hours.

6. Enter the abscissa of figure 4.9 with the size of the drainage to
obtain the areal reduction for each duration in terms of percent of l-mi
(2.6-km2) PMP,

7. Multiply the areal reduction percentages from step & by the PMP values
from step 5 to obtain areally reduced PMP,

8. Determine the incremental PMP values by successive subtraction of
values in step 7.

9. Arrange the hourly incremental values from step 8 in one of the time
sequences shown in table 4,7, Use table 4.8 for sequence of 4 highest
15=minute increments.,

Table 6.4A is an example of local-storm PMP computation for Sycamore
Creek, Arizona.

B. Areal Distribution of Local-Storm PMP Within Drainage. The following
steps are recommended for computing local-storm PMP and its areal
distribution.

Step

1. Overlay a tracing of the drainage outline (adjusted to 1:500,000 scale)
on figure 4,10, Rotate the ocutline to obtain the maximum rain volume in the
drainage, (For particular problems, other placements may be hydrologically
more critical,)
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2, Note the isohyets that 1ie within the drainage.

3. Locate drainage on figure 4.5 and read interpolated PMP value for 1 m12
(2.6 ka) in inches (mm).

4. If the lowest elevation within the drainage is above 5,000 feet
(1,524 m) decrease the PMP value from step 3 by 5% for each 1,000 feet
(305 m) or proportionate fraction thereof above 5,000 feet (1,524 m).

5. Use figure 4.7 to find the 6/1~hxr ratio for the drainage.

6. Enter table 4.5 with 6/1-hr ratio of step 5 to obtain isohyetal
labels for the 4 highest 15-min PMP increments in percent of 1-hr, 1-mi2
(2.6~km?) PMP,

7. Enter table 4.6 with 6/l«hr ratio of step 5 to obtain isohyetal labels
for the 2nd highest to 6th hlghest (the lowest) l1-hr incremental PMP values
in percent of 1~hr, l-mi? (2,6-kmZ) PMP,

8., Multiply the ischyetal percentages for each PMP increment from step
6 (for highest 1-hr PMP and 15-min incremental PMP) and step 7 (2nd to 6th
highest l~hr PMP) by the l-hr, 1-mi2 (2.6-kmZ2) PMP value from step 4. The
results are incremental PMP isohyetal labels in inches (mm).

9., Arrange the hourly incremental values in one of the time sequences of
table 4.,7. Use table 4,8 for the sequence of 4 highest 15-min increments,

Note: An average depth equal to the value of the last isohyet (J) may be
used for any portion of the drainage not covered by the isohyetal pattern.

Table 6.4B is an example of computation of local=-storm PMP and 1ts areal
distribution for Sycamore Creek, Arizona.
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Table 6.l.--General-storm PMP éomputations for the Colorado River and Great
basin

- Drainage . Area wi? (kmz)
Latitude , Longitude " of basin center
Month
Step Duration (hrs)
6 12 18 24 48 72
A. Convergence PMP

1. Drainage average value from

one of figures 2.5 to 2.16 in. (mm)
2. Reduction for barrier-
' elevation [fig. 2,18] 4
3. Barrier-elevation reduced

PMP [step 1 X step 2] in. (mm)
4, Durational variation

. [figs. 2.25 to 2.27 S

and table 2.7]. ___
5. Convergence PMP for indicated

durations [steps 3 X 4] in. (mm)
6. Incremental 10 m12 {26 kmz)

PMP [successive subtraction

in step 5] in. (mm)
7. Areal réducticm [select “from

figs. 2.28 and 2.29] _Z
8. Areally reduced PMP [step 6 X .

step 7] in. (mm)

9. Drainage average PMP [accumulated
values of step 8] in. {om)

B. Orographic PMP
1. Drainage average corographic index from figure 3.l1la to d. ___ in.{(mm)
2. Areal reduction [figure 3.20] _ %
3. Adjustment for month [one of

figs. 3.12 to 3.17] Z
4. Areally and seasonally adjusted
PMP {steps 1 X 2 X 3] in. {(mm)
5. Durational variation [table
3.6] . 4
6. Orographic PMP for given dur-
ations [steps 4 X 5] in. (mm)
C. Total PMF
1. Add steps A9 and B6 - e An. ()

2., PMP for other durations from smooth curve fitted to plot of computed data.
3. Comparison with local-storm PMP {see sec. 6.3}.



A,

Drainage boldt £ i/s Gak), Nevada

Table 6.2.--Example computation of general-storm PMP,

Area

Latitude _4/*20°, Longitude //§°4B8of basin center
Month _QOc#

Step

Convergence PMP

1.

Drainage average value form
one of figures 2.5 to 2.16

Reduction for barrier-
elevation [fig. 2.18]

Barrier-elevation reduced
PMP [step 1 X step 2]

Durational variation
[figs. 2.25 to 2.27
and table 2.7].

22
501

Duration (hrs)
6 12 18 24 48

72

in. (petf

ﬁﬁé;in. gmﬂf

Convergence PMP for indicated

durations [steps 3 X 4]

Incremental 10 mi? (26 km2)
PMP [successive subtraction
in step 5]

Areal reduction [select from

figs. 2.28 and 2.291]

Areally reduced PMP [step 6 X

step 7]

Drainage average PMP [accumulated

values of step 8]

Orographic PMP

Drainage average orographic index from figure 3.1la to d. Jais in. gmmf

mi2 (km?2)

28 1.0 05 0309 04 in. (S
©3 85 93 98 /00 j007
:4 in. émﬂ

2.7 in. (S

29 56 79 /00.160189*%

. G

(lfi.Lji.ELL.ZLZ.££3.§il_ in. ;mﬁf

2.6 4152 6/ 8.6 98 1. w6

PMP for other durations from smooth curve fitted to plot of computed data.

1.
Areal reduction [figure 3.20]182%

3. Adjustment for month [one of
figs. 3.12 to 3.17] [0

4. Areally and seasonally adjusted
PMP [steps 1 X 2 X 3}

5. Durational wvariation [table
3.6]

6. Orographic PMP for given dur-
ations [steps 4 X 5]

Total PMFP

1. Add steps A9 and B6

2.

3. Cowmparisen with local-storm PMP (see sec. 6.3).
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Table 6.3A.—-Local-storm PMP computation, Colorado River, Great Basin and

California drainages.

For drainage average depth PMP. Go td

table 6,3B if areal wvariation is required,

Area mi2 (kmz)

Brainage
Latitude Longitude Minimum Elevation fr  (m)
Steps correspond to those in sec. 6.3A,
1. Average l-hr lﬂmi2 (2.6—km2) PMP for in, {mm)
drainage [fig. 4.5].
2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. %
b. Multiply step 1 by step 2a. in. (mm)
3, Average 6/1-hr ratio for drainage [fig. 4.7].
Duration (hr)
1/4 1/23/4 1 2 3 4 5 6
4, Durational variation
for 6/1-hr ratio of
step 3 [table 4.4]. %
.2 2
5. l-mi”~ (2.6~km”) PMP for
indicated durations
[step 2b X step 4]. in, (mm)
6. Areal reduction
[fig. 4.9]. 4
7. Areal reduced PMP
[steps 5 X 6]. in, (mm)
8. Incremental PMP
[successive subtraction
in step 7]. in, {(mm)
} 15-min. increments
9, Tinme sequence of incre-
mental PMP according to:
Hourly increments
[table 4.7]. in, (mm)
Four largest 15-min,
increments [table 4.8]. in, (mm)
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Table 6,3B.-—Local-storm PMP computation, Colorado River and Great Basin, and

California drainages. (Giving areal distribution of PMP),

Steps correspond to those in sec. 6.3B,

1.

9.

Place idealized isohyetal pattern [fig. 4.10] over drainage
adjusted to 1:500,000 scale to obtain most critical placement,

Note the isohyets within drainage.

Average 1-hr l---mi2 (2.6—km2) PMP for drainage
[fig. 4.5]. inl (m)

a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m),
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. %

b. Multiply step 3 by step 4a. in, (mm)
Average 6/1-hr ratio for drainage [fig. 4.7].

Obtain isohetal labels for 15-min incremental and the highest PMP from
table 4.5 corresponding 6/1-hr ratio of step 5.

Isohyet
PMP Increment A B c b E F G H I J

Highest l~hr
Highest 15~min.
2nd "
3rd " in %
4th "

Obtain isohyetal labels in % of 1-hr PMP for 2nd to 6th highest hourly
incremental PMP values from table 4.6 using 6/1-hr ratio of step 5.

2nd Highest
1-hr PMP
3rd "
4th " in %
5th "
6th "

Multiply steps 6 and 7 by step 4b to get incremental ischyetal labels
of PMP.

Highest 15-min,
2nd "
3rd "
4th "

. Highest 1=<hr in in. (mm)
1 .

2nd

3rd n
4th "
5th "
6th "

Arrange values of step 8 in time sequence [tables 4.7 and 4.8].




154

Table 6.4A.--Example of computation of local-storm PMP. Average values
for the drainage.

) , . 2
Drainage Sycamore Ck. (above Verde River) Arisgnasrea 360 i (}“‘[Z)
Latitude 3453’ Longitude #/2°08° Minimum Elevation 3850 ft (uf

Steps correspond to those in sec. 6.3A,

1. Average 1-hr l—m:l_2 (2.6—km2) PMP for ZQ/ in. Qatﬁ

drainage [fig. 4.5].

2. a. Reduction for elevation. {[No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. [00 %
b. Multiply step 1 by step 2a. [0./ in. Qmﬁj
3. Average 6/1-hr ratio for drainage [fig. 4.7]. l2

Duration (hr)
1/41/23/4 1 2 3 4 5 6

4, Durational variation
for 6/1-hr ratio of

step 3 [table 4.4]. 74 89 95 j00 /10 /15 118 119 120

3. l—mi‘?Z (2.6—10112) PMP for
indicated durations

[step 2b X step 4]. 75 90 96 /01 111l /1.6 /19 120/2.] in. Lmﬂﬁ

8

6. Areal reduction

[fig. 4.91. /6 20 23 2¢ 30 34 3738540
7. Areal reduced PMP
[steps 5 X 6], LZ._.LQ.LZ._Z_.@ 3339 44 4648 in. (pzﬁ

8. Incremental PMP
[successive subtraction

in step 7]. 26 07 0605 0202 in.
- /12 06 04 04 } 15-min. increments

|\

9, Time sequence of incre-
mental PMP according to:

Hourly increments

(table 4.7]. 0206 2.6 07 0502 in. (g

Four largest 15-min,

increments [table 4.8]. 1.2 06 04 04 in. (,u!ﬁ'i
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Table 6.4B.--Example computation of local-storm PMP. Areal distribution
over the drainage.

Steps correspond to those in sec. 6.3B.

1. Place idealized isohyetal pattern [fig. 4.10] over drainage
adjusted to 1:500,000 scale to obtain most critical placement.

2, Note the 1sohyets within drainage.
3. Average l<hr l~mi2 (2.6—km2) PMP for drainage

[fig. 4.5]. /0.] _ in.

4. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m),
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. ZQQ y A
b, Multiply step 3 by step 4a. [0.1 in. (gey

5. Average 6/1-hr ratio for drainage [filg. 4.7]. L2

6; Obtain isohyetal labels for 15~min PMP from table 4.5 corresponding
6/1-hr ratio of step 5 and labels for highest 1 hr.

Isohyet
PMP Increment A B C D E F G i3 | I J
Highest l-hr 0 82 58 44 32 23 J6 /3 12 I/
Highest 15-min. 74 56 32 2/ 4 8 7 &6 5 4
2nd i A5 15 15 12 9 & 4 3 3 3
3rd " 6 e b e 5 5 3 2 2 2 ini%
4th " 5 8 5 5 4 4 2 2 2 2

7. Obtain isohyetal labels in % of 1-hr PMP for 2nd to 6th highest hourly
incremental PMP values from table 4.6 using 6/l-hr ratio of step 5.

2nd Highest

1-hr Moy e 8 7 5 5 5
3ra " 4 4 4 4 4 4 4 4 4 4
4th T 3 3 3 3 2 32 3 3 3 3 in3Z
5th ) 2 _2 2 2 2 2 2 2 2 2
6th " R AR D AN N N R B B
8. Multiply steps 6 and 7 by step 4b to get incremental isohyetal labels
of PMP.
Highest 15-min., 75 57 32 2.1 14 08 0.7 06 25 0.4
2nd " 15 15 15 12 09 0604 03 03 0.3
3rd ) 06 06 06 06 05 050530202 0.2
4th " Q5 05 05 05 04 04 0.2 02 0.2 4.2
Highest 1-hr 101 83 59 44 32 23 J6 12 L2 )1/ In in, (gry
2nd L WLy Ll L0 08 07 05 0.5 55
3rd " 24 0.4 04 04 04 04 04 04 04 04
4eh " 230303 03 03 03 0.3 43 03 03
5th " 02 02 02 02 02 02 02 0202 02
6th " 0.1 o1 ot o1 pit o1 ol 01 041 01
9. Arrange values of step 8 in time sequence [tables 4.7 and 4.8].
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